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(54) PLASMA ETCHING DEVICE 
(57) Abstract: 

PURPOSE: To obtain a plasma etching device, where 
electric charge is restrained from being locally 
accumulated in a fine pattern to prevent notches from 
being generated, an etching operation can be earned out 
high In anisotropy and selection rate, and the periphery 
of a semiconductor wafer can be anisotropics Oy etched 
well enough. 

CONSTITUTION: A stage 3 where a semiconductor wafer 
2 is placed Is arranged in a reaction chamber 1, and a 
microwave power supply 5 which introduces microwaves 
Into the reaction chamber 1 and a coil 8 which applies a 
magnetic field are arranged outside the reaction chamber 
1. Furthermore, a pulse power supply 18 which applies a 
pulse bias voltage to the semiconductor wafer 2 through 
the intermediary of the stage 3 is provided. The pulse 
power supply 18 eliminates an ion sheath electric field 
to enable electrons to impinge even on the base of a 
fine pattern for the neutralization of positive charge, 
whereby notches are prevented from being generated. 
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1 : 6:*fc* 

2 : «ff?*A 7 : 

3 : Zt-v 8 : 31t> 

5 : Tf7nM9R 18 : JMXtt 



• i 



1 

Jfctt#X&i*A-r-5#X*ASi> ±IBg|£:^rtS»a 
±fB£jStt#X©X5Xv£ffi^U d©X7Xvfc<k 

BW^tsiSBifsx^XTxyg^gB. 

C»*«2] iffiZftm-rzxf—Vt, roxr- 

< ?DgEfS£^g:t, £©v^oafcf8£^gr??fE£L 
±SEK£tt#X©X7Xv§Jgj£U ^X^XTftJ; 

D ±iEStfl & x v 3=- y ifmmt 5 X 7 Xvx y ? y xg 
±EEfctt#x©X7Xv&j&£U ^©X^Xvtci 

0±KK««rX-;?>^at5X7Xvx>y5 1 >^g 
BTfcoT. 

±ES«»£^SB. 20 00#«>X£U:©?»§£8£ 
X5Xtx^>X8S. 

Hf#«4] SS*J£«B-f-5Xx-i>£, MXf- 
iffiEJfcfttfXWX^XTi&^fSU ^©X^XvJcJ: 

r> ±§ek«£x yif^mr z x^xvx y ^ >xs 

BT&oT. 



(2) 1 1 8 2 

2 

®t?57?X'?xy?y>f&&. 

[»#«5] K#£«fi-fSX'7 1 -v , £, i©X7— 

&tt#xs*Af s#x«a^£, ±£K&£fts#s 

±gS^^XfflX7X-7*^jSb. Jl©X5Xvlc± 
10 K>±E.1&nZXy?y!f9!imTZ>77X'?Xy?yifm 
Bt?»tjT» 

±SXx-v©^ft<£fcK&£«fi?-£ffl«> j@B3l 

-rz-xjx-zxy^yifmw. 
rt;tt#x£i*A-rs:*rx2*A«a:. ±SE^rts#m 

±EE«tt^X0X5XvS^L, i<DX7Xvfc«fc 
OiEtmsxy^XfflS-r&X^XYXy^Xg 

±EXx-^£Htr±e££g©BBtt. R«tttft«B« 

rm&znT^zzLtzm&t-rz-fyXvxyry'f 

KB. 

f&tt#X£if!A-r£#XilJA i g<!:. ±S2£Jfc&l*i£«l^ 

±£E£tt#X©X7X'?£J&f£L < JKOX^Xvfci 
0 ±Etm £ X v ?=• > J^fflS-r 5 X 7 Xv x y 9 1 > XS 
BTfcoT. 

±EX^-i?©fiJS5lctt. glttfl:7*-*X'J>^ 
40 IS:^e.nTV^CtS#Bi:-rsX7X- ! ?X-y?>XS 
B. 

[0 0 0 1] 

Xy^^XSB (ECRX5/^>XSB) IcKI-r^t)© 
[0 0 0 2] 

[«*©Sffi] mi 8tt. «£*©X7XTX-y9 1 >XK 

50 g*^-r«»s«jsS0-pfe5. 0c*^t, sfssirttc 
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(3) 

3 

x ftsjfcg i mzmArzxxmA'g 4 aww en-cn 

*7©iMlfctt, «*5B**RTfc*3^;P8*«tt& 
ftT*D, £corK;V8 icioT, Xt-^3±Ic*H ifl 

[0 0 0 3] fie*<D^Xvx>y5 1 >^KBtt±ifiLfc 
cfc3ic«^$n> ¥£#£xA2©Xy^>^M3I£J& 

ftfrV>fc#6. #X«AflP4*6Aay>if^*©fiiB 

ftBJJirrs, C0«»iv>f*Dtt£©*i»fcj:D % ■» 
-f *D hD>i!»UT^«^ttX*;^-ftKJRU 

StU ¥«#*XA2#X^>^£n£. 

to o o 4] ^ 5Xti:!I«* n&*aw«)iA 2 o« 
lc,toT> #»»«>XA2fcSita:iriBjfc^toij>^'f* 

asn*&», *«#^xA2©«HrfcBjittA<Att 
fc¥«#^x/\ 2 kamts. 

[0 0 0 5] 1 9&tf02 0Kg^V>T2 

&Ki¥«lCR9rr*. 01 9&tfB2 0tt» ¥«#*X 
A2©*H©«*WIiH"C*0. ?7XvXy9>>if& 

S\z£ 0 4MM*9xa 2 ©WB/X^->xy ftff 

1*. B19t*^Ti ¥*ft:£XA 2 ©affiled Si 
OaK10> SiRl lKtfl'S*XhA^->l 2#JHfc 50 



&IB¥6-6 1 18 2 

»J«*nT*0, Vy*hA*->l 2&TX*fcLT 
X»y?>^*tfxfonSo Xy?>^©itfrlC#r>T, V 

2©aBfctt>f :t>*>«?fc*fcA#* 

3ftfc43l>Tfck ^*>tt¥*#*XA2©*Hfc#L 

TSttfcAJfr*&», «BA^->«S1 4£ttffX 

>«ai 4ICfeA»T<5&», fta/W->OTl 5fc 
[0 0 0 6] £©*<&, Ell 9JC^-r^5lC> Si&l 

1 5fcA«U&-f*>t«iB/1^->«B 
1 4tCA»L^:S^ch«K*TBje^UT*Sirs^ 

Xy?>if&mn\s> SIOiRl 0Ocfc5^«jg 
tt©ftWMrr*fc. «Wy^->*Bl 5lcA»Lfc 

>JSH1 5^AM*"*-f*>tti, iEfc^ir-^yy^b 
fc«MfflA*->l£ffil 5 fcS***jE«flf©R5Si* UK 

tcAotiiiiJSftftwrsnsfc*, *>nsii8i it 

SIOiRl Oi©#BfcJi0f65lfcAI*U «JDK##tt 
©frvb^/y^ft^USCfclOfc*. 

[0007] c©ck5ay y?©»^ftK±r^fc* 

tC, fi£3fe, H2 lfc«f^5XTXyy>ifSaWtffl^ 
StlTV^. H2 1lCSty?XVXyf>yStT 
Xy— 5?3fc-f >£-y>X&£gl 6ft*LTR 

f masi 7*ta«anTt>*. ^©rfsjs 

17lC^oT> *»#!>XA2fcRF;t-fTX«EE««ai 

jto^n> -f *>*ioatx*;^-ft»*T*»#!>x 
tf, -f^>x*;^-*tsSVi©x±5fiUfc5 1 ^"^7^ 

timWziblZ, TftfeKT^^SiO^Kl 0*Tt>xy^ 
>yLTb*K X^^>^S^it^n r ^oTL*5 < i: 

[0 0 0 8] Sfc, 01 8lc^"TJ:5lc, n-r;P8(Ccfc 

tt, ^*>tt¥«*^xy\2i^a^Ait^ 
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(4) 

5 

sic mijm<D#mt, *m#vx;\2omm®-c\i 

«f»*«fcJt'*T#i:&*. COS:*, fi#>>IA2© 
[000 9] 

-f * >X*;l^-£iS* £ C t TX v * 

s^ttta^jttsN^c^s-a-Tx-y^^^sff^ 

*.r> x>y^>^©^-tt*t{£-|r-r-5a:v^ras^ ! ba& 

[0 0 10] r©8Wtt. CO«k'5^Sj««:«ftf * # 

J?tfcS*IC|Bj±S-a-TXy^>^Sfr5 d ttfT^S 1 
*fc, ¥##:9XA©ffia»K:fcV>Tfc;fe#fc£;5rttX 
y :P > iWfr A * 75 X 71 y 9 y £# 5 <h * 

mt-rz. 

[00 11] 

[ss£&#ft-rs;fc»©^a] r©%?g©«i*^iJS 

[0 0 12] i©^WCD»*JlS2«»C«5X7XTX 

? n»miSi£fSt*.;fc 1 b©Ti&S. 

[0 0 13] C<D^«D»*a^3^»C|g?.X7XTX 

^ ? > if 8® tt» 2000*9 xeuwfi&HRr/s^ * 

[0 0 14] C©55M(D»*Jam4«IC«?>X5Xvx 

[0015] z\<7>?m<jmi&msmzmz>77X-?x 

y^yifmWte. Xr--»4< tfcKfi^itS-rs 

[0016] cof&womxmmGmizmz-y^x-rx 
[0017] c©^w©a*^7JSic^sX9XTx 



#§8¥6-6 118 2 

u >^*!9:^fc*>©-pfe5. 

[0 0 18] 

[«U8] C©^W©»*3S^l«lCfe^Ttt, KflfcA* 

;px/w7x^jE*^Min$n-5©-c, is-xmmtffi*; 

[0 0 1 9] C©58W©»*a^2«IC*^Ttt. A* 
©5S4£Hrit-r-5. 

[0020] zL0>%w<Dmjvm3m\zi$^T\t. mm 

«3-fjW:i^T2 0 o 0%v*SkJte>®.mRxm*13 
A;i/>>~Sc=f ^jtwi^y ©v-f ? nSteSJinrr*©-?* 
S^©7-v¥g;«t8/hU «^mffl/x^->jSffilc 

PJ5tb,I<fcD. IgMfflA-^-i/fisffilCfctt-SIE©? 1 -*- 

[0 0 2 1] Z\<0%W<D%UftJ%&4mz%»T\t> 
-^©raBIC&8tt#^£^ttfc©T, «*Sit4-f^ 
>^-X£#±Ttm©*<t;fcSttW;:iatf*,n. flttH 

[0 0 2 2] ^©5!9l09*fltl5«t:*^TH, Xf 

man- ^ - y mm \z & it * n ©? * - p 7 v -7*m4> 
u y>y^©^4ste±-r-5. 

[0 0 2 3] C©5!W©»*^6JS»C*^Tli. Xf 
-J>£fflttEJS£©flJS£K»ft#SWT«l£Lfc© 
«*«*a»©SMt?^-{cbd^'btt»t»bTS 

[0 0 2 4] r©5§^©a*^m73UC*^Ttt. Xt 
-5>©fiJ«fcE«ttfc7*-;&XU >^SS^&©T» 

ffii^n sk^ ©sst^-ic ua> *>!sm \z# vxmmfs. 

[0 0 2 5] 

immm] mmmi. ®u*. comwmmmuzx. 

Z77XVXy?yifmS£7f;-?m®m!$.WT&Z. & 

5. ElCfc^T, ¥^'i'X/N2?£iEg-r-5Xx->'3 

[0 0 2 6] i^Lfci'JlCW^nfcX^XTXyg 1 
>^KHIC*5^Ttt, ¥«#: , >XA2©X-y5 1 >^S&31 
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(5) 

7 

3 fc«8snft;^x«i 1 8 £<t Q/vvxmm* 
;vxn-f 7x«E«Bttirrs. s&g 1 TS5£Ufc#x 

[0 0 2 7] «2tt> ±»OJ:5fcUT»*Shfc»X 

^ 5 X v « K fi *>tifc^3W •> x/\ 2©gli:M^n 

^;px«E*twjDSftTViftVie (tt) , *m»vx 

A2 0ttt (SfiSttVs) tt, ?7Xv©tKffiK<ko 

m§7D-f>f^i(i (Vf) £^L<ft*. Z 
07D-f-f>^lftt^7X7tfi (Vp) <J:tf>Sf4 
2fc±D, <t>y-X8S«$ns 8 ft*, %tt 
«lfc*W*-f*>i/-X*JHa, 2 0VT*o&. ¥ 20 
»**IA2 fctt, Xf-?3«^T/^X*I 1 8 
J: D 2 0 VK±©/x;VX«E*«9lllDStlT^*&»» 

RUtt, 7 r 9XT*Ofl| : Ftt*«#^XA2fca*KA» 
"CSISU fiMffl/^^— >H£® 1 5 (DIESES 

[0 0 2 8] B3tt, WSWll:«k5^X7Xyf> a? 

^«B*ffl^THl 9fttf0 2 0fc*l,fcSIOilRl 0 
±OSiKl 1 SXyg^ifL&Rfc, ^tl&C[)Kco# 

■ilcft&?*/??ft (02O*coa) fc*rr*/wx 

m&*>/*ymmit (ti/to oft#tt*^-r«H 

(ti+ti)tt, 0. 13UfJ>T*ofc. ClCDJtDjgL 
J^SBtt, *l#i>XAC!)*fc S'-XftJUDttttfc.fco 

IC, /t;PX«flEWIIDBB!titfi<LTti/ti*/ha 
<T^^i:lC<tf9> y^^Stt«^tTff<. ttfc* t 
2 /ti<l 0 0 0lC*^T/y?tt£<&g2tift<ft 
5o HtXtt, « J Ftt>f*>fcJt^TIlS*^S<»»ft 

[0 0 2 9] 0 3tt, SiKl 1 tT»OSIOi 



#B§¥6-6 1 18 2 

LfcR F/H 7X«JBE<DE?Jolc<J: 0 7 y ?ft*ft4>Slt 
^«*©y7X"7x-/f>^STft -f *>x*;MF 

-&i&±z>ftmz* ; y?im<Tfc&\z\tmiR)kft2 

x;M^-#*SSTft«Jfcttl 0 OT-fcT&D, ft 
/*f 7 X moSR Jt fc N U 7? * o fco 

[0 0 3 0]%JM2. @4f4> £0£n®£lM2lC 
±*^9Xvxy?>yftftft«TlW«lJ«HT*-B, 

lc*»*T>f^naE«R50«toDfc, SMaftftT'T 

-f ^n&SSU 914, «Atf 1 0kHz©||03BUJi* 

Xvxy^>ifffil!*fr5t)©T?**. #X:/5Xv* 

\zwfrftit*m#vxt\20&w\zm&2n*4*>i' 
-x«jm4, H5fcwr±5fc&*. -rat)*. 

>)xA2(0ifi: (Sffiitvs) tt, y^Xvcttft^ 

J:ot£S*7D-f>f>yttt (Vf) i^U<ft 

:07D^>?ie (vf) t^yx^m& 

(Vp) t©«ttSK:J:D-f*>5/-X«JIt*«»J«an 
5o ft*, **«2IC*»t*-f*>^-X«JH4, 2 0 
VT&^fco 

[0 0 3 1] /^X5B«T>f jrnaWWl 914, W^W 

m 1 3 *t4y^xvm&^s««&t<Da&^ic± 
*>^-x«#3&t»jasn«^ j t<D*7ftmti\z& 

ViTl4^X^**««T*fc*> ««»fc:/5Xvfttt 

t«ft«fttfl!)ftttfta«*a<ftD, -f*>3r-x*» 
^x^4 , o«?tte*fc»igicAirr*ci**T^«a> 

->j£Bi 5©iE««f*+Srr«5itafcfr«. 

[0 0 3 2] S6tt, ftlM2ICj:«:??X7X??> 
ifftBfcJHVvrBl 9R«H2 0 fc^LfcS 1O2K 1 0 
±©Siftl 1 SXyf^L&Rfc, dh&©R©# 
BlcS^T^/s^ft (B2 0+.CDA) ©v-firn** 

y^ai4M'j>u *7eiB««o.o25U»a±Ttty 
y?ufiS?sn&<*ofc. ft*> ^co«-&t>*Jfif3i 

(Dm-z&zvkvmvmm (ta + 14) tt, o.i$u# 

T*^fco ^fc, 02 llC^LfcRFAW7X<DSJiDiC 
£9/ yfl«*^S«tE*(!!)^9X7Xyf>^ 

ITU /y^fcft<Tfc»K:Wilt^2 0aTfctto 
TL^ofc tt L*U KIWI 2 ©«^Ttt, H6fc^1- 
±5lc, v^^nKo^7RrfB»c*tt^y^XTC0«g 
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(6) 
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10 



r as? itfi loo t-«t* d * fB#«T«fc < a^w 

[0 0 3 3] *S6^3. H7tt. Z<D&WO&mm3\Z 

z<Dm\ZTRTmm\z. ^<D^yx^xy^>tfmm\z 

*^^3<;W8CD^t)DlC, 2 0 0 0#^X (0.2 
T) K±©»S^4T§^a«3-f ;V2 OSiWc* 

R=iru Vr/qB 

[0 0 3 5] :^T, R«7-7m QttWFoaflf 



(Larmor radius) tfftftu #0>(1) 

[0 034] 

• • • • (1) 



jkttfaon^vm&i&ftv&Zo ffi^t, vtjwmi; [0036] 

v= (8kTe/7rme) 1/2 .... (2) 

[0 0 3 7] CUT* vHffiUWttlfc k MAfr? 

ev©^ mm®¥%mmtmi. sx i o- 6 m/ s t 

0 0 0^X (0.1T) THU 7^Sli8 5/im 
taO, 1 07J#*X (10T) Ttt, 9- 

V*g«0. 8 5/*mifc<&. %>LB9fc*-r 29 2 2 lei Df«#i>XA 2 ©^ffifcJf»dESft& 



fl«#2 2fcL WAfcfSmCo, Fe> N i 



\z\t* v?2 i*^x^acD«g^«^-rs**B*4> 
*ftfc***n» v,tt«^i-*fc»» 

[0 0 3 8] H 1 0 y »4>WNUK 



[0041] -t aaa/^->« 1 4 



T, 2 0 0 0 #9*K±©«»i#Wr«ftGH z -ft 
fGHz OY^f 9 n&£58£2it:* £ pJteT&*. 

[0 0 3 9] Sfcfc, sa«*3-*;V20fc,koT. S3* 

Bfc*»#9XA 2 ± 1 0 TR± t bTfc A 

K Tftfr^ CTA«2. 4 5GHz^ ^njStCM 



fc> «*«B©ft«att*tok:^«-c^T, ->-xt# 

a. 

[0 0 4 2] ^SSW5. H13B, dO»W0>^««5 



( 0 . 0 8 7 5 T) <£HK8£fiJfcg 1 ©rt»K:3fi±aU' 

t^<. zomnvtmommz. ^*^xa2±to 

BJKffKtfl 0T (1 OTftf^X) EUifcfcS.fcSjMI 

[o 04 0] mmm4. bhh ji 4 



l#Xf- y 2 4 #N b S n *#He#y 
0, 1 8KKT^SfiM^«l»LTjSS«frXx"^2 

[0 0 4 3] t¥^T, S 1 4 C^ti 5 tC, n-()V8T 

\z£z?7Xvxy?>9&w&*-?mmmi&®r$> so nmm^K&mm^^m^mjiMBiz&^Tm 
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11 

ML ¥£fc?XA2©£ffit;:3tfnSS?©»«?E# 

*SicM*b. yi/^*£©^4&iirjfr€r. &#tt© 

A8B©&Stoft*<Dlc#£T€rf, ->-XS# lc«fc D 

[0 0 4 4] H£J|096. 01 5«, C©^©*JS0?6 

.5. ^©aic^-rsgtt, h 1 3 ic*Lfcss©«?&¥ 

&2 5K. 1Uy*c>if3y7>-*2 6KtfRF«iB2 
7&^j-fcfe©T*D» )SS^X5 1 -^2 4CRF/t 
-f7^mBE*tHIJn$n-5<t5ICft:t5T^S. «*.«. R 
FSiE2 7lC«tD, 13.5 6MHz, 3 0 0W/m*g 

«©T^K£xy?>-^-a-r. b^fe->-xs#s^fl: 

n. ft©5 ii v-> ? 7«^^ , &m§iwtctt'fp-rsri:*tT# io 

(Daftly 5^£fr 5 C 

[0045] ^jsm. 01 6», zvmiiD&mm 

Z>. C©a»c*-rSB«, Xx-i>3&Btf5f&£l© 
S«ttt*ffi«2 8T7«)*Ufct>©T?*S„ £© 
K8tt*8tt 2 8 tt. fcfXTXXttjSSSSMJ^EfflHS- 

»*atrSE$}T*s. ;K;i/8T?8£L&a:*j«Bte, 

KJ££ 1 ©ffijg^rfalcfgfrrs*^ E»tt#SBH 2 8 © 

XA 2 ©*ffiT8tt>3lB £J9-iC, ls#%¥lltt9XA 
2IC^LTSat^|B)»C|pJ^^ri:*tTt.5. £©& 
-f*>©jtff*l6lB, JNW9XA2EAM-r«« 
«rt?Sit*|n]lCtfiESn5©T» *S#fcS;6ttX<;/?> 
^£fr3 «Wj®©818£8lfBT-5 

cticto, y7XTSg©^-tt*t|6j±-r5fciie), x 

«>^>y©J^-tt*|nl±S-B--5 r .itfTSS. 
[0 0 4 6] &*S. 01 7 KTjVT <fc 5 K, 01 6\ZwiV 
2 8 ©ft D {CKffittft: 7*-*X'J > 
^ 2 9 SXt— 5> 3 i©*Kt;fIA 2 £Btf«k 5 Its <W 
tttfc&K £©*§£> #X'J>:?2 9 

*±T»CC#Si5fcLT*^«, J8*^0^|6J©^PI 

[0 0 4 7] 

[3S93©2!l*] K±ift^bfei:45 0, ifjftSfg 1 SKft 

sgfitt. K^suB-rsx^-^t. ^©xx-i?* 

Dfe»^g;i:. i!©T^nRfg£3igrCf2£b;fcv 
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12 

#X$£Af -StfXSiAWi. ±EK^rtife#a-r-5 
tH^StSffi*.* n=f"*M>7ahu>Pim\zJ:r)±m 
KJ&ttflXfflX^XTfcJt^L r©^X-7|c±D± 
IBItftfcX;/ ?>?jaa-r« X^XTX^^gBT 

a&oT. ±SBtt»lcA;vxA*-f 7xmBE£fW»rr3A;i, 

XS2gSI9!Jt&©T. ««A^->lS®fc*»t5iE©? 
* -$?7 5/ XS f ft UT / y ^©aiSKrlhf * t# 
fc. X<y?>^©Sf?jt©|Bj±&0.5C:t^-ClrStVs 

[0 0 4 8] »^J®^2«lC«?>»Wtt, K»£«g-r 
5Xf-yi. ^©Xx-ySrtSBtciR^-rsS^ 
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